While dynamic infusion cavernosometry (DIC) is being performed with increasing rarity, some centers continue to use this investigation modality. Cavernosography may be utilized to identify the location of patent venous channels in men with venous leak. In an era when venous ligation surgery is being performed with less frequency, the role of cavernosography has been questioned. This study was conducted to define the congruence between the three parameters (flow-to-maintain (FTM), pressure decay (PD) and cavernosography) used in the diagnosis of venous leak during DIC. Established values for the three parameters were utilized and the diagnosis of venous leak was based upon the FTM measurement. All studies were performed using a vasoactive agent-redosing schedule. Cavernosography was conducted using a nonionic contrast agent at an intracorporal pressure of 90 mmHg. In patients with an elevated FTM value, 24% had a normal PD recorded, all of whom had FTM values o10 ml/min. The Pearson correlation coefficient for the relationship between FTM and PD was 0.58 (P ¼ 0.025). In all, 36 patients (54%) had an abnormal cavernosogram (CG). All patients who had positive findings on CG had elevated FTM values. On the other hand, 46% of patients with abnormal FTM values had a normal CG. This analysis indicates that almost one-half of men with venous leak diagnosed at the time of DIC based on FTM measurement will fail to have any veins visualized on cavernosography. These data further undermine the value of cavernosography, particularly in men with low-grade venous leak.
Introduction
In the current era of oral pharmacotherapy for ED, only a select group of patients benefit from vascular evaluation. However, there still exists a subgroup of men with vasculogenic ED for whom defining the precise nature of the vascular insufficiency is essential to planning intervention. One such group of patients is young men with traumatic ED secondary to perineal crush who present with symptoms consistent with venous leak. Should these patients have isolated crural venous leak, they may be candidates for crural ligation (exclusion) surgery. While most centers are currently using duplex Doppler penile ultrasonography. [1] [2] [3] [4] as their vascular evaluation of choice, the previously widely used study, dynamic infusion cavernosometry (DIC), is still used by some centers, [5] [6] [7] [8] [9] [10] including ours. During DIC, the definition of venous leak is based primarily upon two main parameters, flow-to-maintain (FTM) and pressure decay (PD). A third parameter, visualization of patent venous channels using cavernosography, has been used by some centers as a standard component of the study. This maneuver requires the administration of radiopaque contrast into the cavernosal bodies under pressure, thus exposing the patient to the low but welldefined risk of a hypersensitivity reaction. Cavernosography has the advantage of permitting the clinician to localize the site or sites of venous leak. However, given the controversy with regard to the role of venous leak surgery, the value of cavernosography has been questioned. [11] [12] [13] [14] [15] This study was undertaken to evaluate the congruence between the three parameters, FTM, PD and cavernosography, and furthermore to define if cavernosography is a necessary adjunct during cavernosometry.
Methods
The study group consisted of patients with venogenic ED documented by DIC using FTM measurement as the defining parameter. DIC was conducted in these men as they indicated an interest in defining the etiology of their ED. All enrollees also had a recording of PD and underwent cavernosography. FTM is defined as the volume of saline (ml/min) required to keep the intracorporal pressure at a steady preset level and for the purposes of this study the defining value was that which was measured at an intracorporal pressure of 90 mmHg. PD is that decrease in intracorporal pressure (mmHg) over a 30 s period of time from a starting pressure of 150 mmHg. For the purposes of this analysis, venous leak was diagnosed based on an FTM value 43 ml/ min. PD values were considered normal if they were o45 mmHg/30 s and any venous channel visualized during CG was considered abnormal.
All DIC studies were conducted using a vasoactive agent-redosing schedule, up to a maximum of three doses being administered to optimize corporal smooth relaxation. A second dose was administered when FTM values were abnormal following the first dose. Likewise, a third dose was administered if the FTM values were abnormal following the second dose of vasoactive agent. Cavernosography was conducted only following the last dose of vasoactive agent and was performed with infusion of nonionic contrast at an intracorporal pressure of 90 mmHg under fluoroscopic control ( Figure 1 ). Patients were excluded from this analysis if they had Peyronie's disease, contrast allergy or if they developed a sustained erection after completion of the cavernosometry study (Table 1) .
Results
In all, 66 patients met all criteria for inclusion. Of these, 10 had venous leak alone, while 56 had mixed vascular disease (combined arterial insufficiency and venous leak). The mean age was 4877 y with a mean ED duration of 4.271.8 y. Comorbidities included diabetes 42%, hypertension 24%, dyslipidemia 28%, prior radical prostatectomy 16% and prior pelvic radiation 11%. In all, 70% (46/66) were married. In the patients with an elevated FTM value, 24% had a normal PD recorded, all of whom had FTM values o10 ml/min.
In all, 36 patients (54%) had an abnormal cavernosogram (CG). The origin of the venous leak was diffuse (three or more venous channels visualized), cavernosal, crural and other in 21/36 (58%), 
Figure 1 Normal CG demonstrating crural attachment to the ischiopubic ramus (horizontal arrow) and needle placement in right corpus (vertical arrow). Note that all of the radiopaque contrast (white) is confined within the corporal bodies. 
Discussion
Despite the advent of oral erectogenic therapy, some men may still benefit from vascular evaluation. While duplex Doppler penile ultrasonography has become the primary mode of penile hemodynamic assessment, DIC continues to be performed in some centers. While more invasive, DIC is extremely accurate at diagnosing corporoveno-occlusive dysfunction. In the presence of abnormal veno-occlusive parameters, the use of cavernosography permits localization of the site(s) of the venous leak. In the era of venous ligation surgery, localization of the patent venous channels was essential for planning the surgical approach. However, in this current era when the indication for venous ligation surgery has diminished, the role of cavernosography has been questioned. [11] [12] [13] [14] [15] Despite this, there are some young men with traumatic venous leak (perineal straddle injury) for whom crural ligation surgery has been put forth as a potential curative strategy. 14 At our center, cavernosography is always performed using a nonionic contrast agent; however, despite this the use of a contrast agent is associated with a small but well-defined risk of allergic reaction. On review of the records of the last 400 cavernosographies, an allergic reaction has occurred in only a single case. The primary criterion used for the diagnosis of venous leak, FTM of 43 ml/min, is a rigorous end point that has been published previously. 16 Furthermore, the technique for the performance of cavernosography has been previously outlined. 16 The presence of Peyronie's disease was considered an exclusion criterion, as this in itself is a risk factor for venous leak, specifically site-specific leak, which is unrelated to corporal smooth muscle relaxation and structure. The presence of a delayed erection following DIC was also used as an exclusion criterion as this situation arises when the presence of abnormal veno-occlusive parameters during the study is related to high sympathetic tone in the patient. This situation does not represent true venous leak, that is, there are no underlying structural alterations in the corporal smooth muscle but rather high adrenaline levels leading to incomplete corporal smooth muscle expansion with the resultant failure to compress the subtunical venules.
The use of a vasoactive agent-redosing regimen, as we routinely use, limits the risk of a false diagnosis of venous leak, as the administration of multiple doses of medication has an increased likelihood of overcoming elevated sympathetic tone if present. A number of papers have previously addressed this issue. 8, 17 In a study of 48 patients, de Meyer et al 17 showed that failure to redose resulted in a false diagnosis of venous leak in 25% of their study group. Mulhall et al 8 demonstrated that 70% of men undergoing vascular evaluation using DIC warranted redosing with intracavernosal vasoactive medication. Approximately one-third of this group initially demonstrated a false diagnosis of venous leak, which was corrected with the redosing schedule utilized in the current study. Other means, not used in this study, of inducing maximal smooth muscle relaxation include self-stimulation and the use of audiovisual stimuli. 18 In this study, any patient obtaining a delayed penetration rigidity erection was excluded from analysis as this generally implies suboptimal corporal smooth muscle relaxation.
The data that we present indicate that the presence of patent venous channels is dependent on the degree of venous leak (that is the magnitude of the FTM value); the higher the value, the more likely patients were to have a positive CG. Only 4/22 patients with ftm values o16 ml/min had a positive cavernosogram, while every patient with an FTM value o10 ml/min failed to demonstrate any venous channels on cavernosography. Indeed, only FTM values 420 ml/min were associated with a 100% incidence of a positive CG. PD assessment on the other hand correlated more closely with FTM values (r ¼ 0.58, P ¼ 0.025). Only when FTM values were o10 ml/min were PD values normal (the mean PD value for this subgroup was 38712 mmHg/30 s).
Therefore the question can be asked as to why is there a difference between the accuracy of FTM and PD. These two parameters measure different attri- Value of cavernosography JP Mulhall et al butes of the corpus cavernosum; FTM measures the resistance to outflow and is an indirect measure of the cross-sectional area of the subtunical venule bed. 19, 20 The less compressed this bed is, the greater the outflow, the less the resistance to outflow and the greater the amount of saline required to maintain a constant intracorporal pressure and thus the higher the FTM value. On the other hand, PD is a measure of the capacitance of the corporal body and this in turn translates into the distensibility of the corporal body, which is related to smooth muscle and tunical components. This difference may explain the failure of both these parameters to correlate perfectly. Despite this, the two parameters correlate well at FTM values above 10 ml/min. The overall Pearson correlation coefficient was 0.58 with a significant P-value (0.025).
Cavernosography, on the other hand, is a radiographic assessment of patent venous channels and requires a threshold size of venous channel and degree of leak (volume of outflow) to translate into the ability to visualize the veins on fluoroscopy. Thus, it is not surprising that at low levels of leak (low FTM values) this threshold is not met and no veins are visualized on cavernosography. This was the case in 30/66 patients in this study.
Conclusions
This analysis indicates that almost one-half of men with venous leak diagnosed at the time of DIC based on FTM measurement will fail to have any veins visualized on cavernosography. These data further undermine the value of cavernosography, particularly in men with low-grade venous leak.
